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ABSTRACT 



The invention relates to a method for restoration of a 
patient *s tooth. An electronic image of a patient's tooth or 
tooth preparation is generated in a dentist's office by the 
dentist. The image includes color information of the tooth 
preparation or of the patient's tooth shade. The electronic 
image is forv^arded to a dental laboratory by direct computer 
hnk or e-mail. A technician at the laboratory evaluates the 
image and suggests restorative options to the dentist, includ- 
ing whether further tooth preparation is required. The tech- 
nician also selects the appropriate restoration tooth shade(s) 
so that the dental prosthesis matches the color of the 
patient's tooth. The laboratory then manufactures the pros- 
thesis utihzing a plurality of porcelain coatings. If desired, 
an image of the prosthesis can be generated in the laboratory 
and forwarded to the dentist for verification of color and/or 
fit prior to finalizing manufacture of the prosthesis. 

37 Claims, 9 Drawing Sheets 
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INTERACTIVE DENTAL RESTORATIVE plan includes information about materials for preparing a 

NETWORK dental prosthesis that satisfies the design criteria, and the 

dental prosthesis is then prepared for placement in the 

CROSS-REFERENCE TO RELATED patient. This method enables optimization of the dental 

APPLICATIONS 5 restoration with significant savings in time and effort for the 

„ . . . . „ . , dentist, dental technician and the patient. 

This application is a continuation of application Ser. No. ^ , . . , ... 

09/523,152 filed Mar. 10, 2000 now U.S. Pat. No. 6,575,751, , Generally, the dentist prepares the preliminary treatment 

which application is a continuation of application Ser. No. P'^." ^^'^j'^^ '^^f "'^^"''^ '^JS''? '""^^^ represen- 

09/443368 filed Nov. 19, 1999, now abandoned, which tations of the dental restoration need. Thereafter, the pre- 

application is a continuation of application Ser. No. 09/411, '° ^minary treatment plan can be forwarded to and evaluated 

920 filed Oct. 4, 1999, now abandoned. ^y}^ laboratory before a final treatment plan is formulated 

and communicated to the dentist. Ine step or transmitting 

This application c aims the be^ of U^S. provisional evaluating the plan are codirected over the communi- 

apphcations^N^^ Nov 3 1998 60/109,299 ^^^^^ ^^^^^^j^ ^ ^^^j ^^^^^^^^^ 

fiMJfe 19 1998 60/120,596 filed Feb. 18, 1999 and ,s rented in the patient until after interim preparation infor- 

pO/l^^filed Feb. 18, 1999, ^^^^^^ ^ transmitted to the laboratory and confirmed, thus 

/TECHNICAL FIELD avoiding rework or revision after the plan has been imple- 
The invention is directed to methods, systems and devices Advantageously, the design criteria or the modifications 
for dental restoration wherein communication between the thereto include proposed decay excavation, tooth 
dentist and restoration laboratory are held in real time to preparation, or dental prosthesis color. When a dental pros- 
discuss, finalize and optimize a treatment plan for a patient. thesis such as a crown, bridge or replacement tooth is 
More specifically, the invention is directed to an interactive needed, the method includes verifying that the dental pros- 
computer-based system and method to enable the dentist and thesis is prepared according to the final treatment plan prior 
restoration laboratory to analyze color images of one or 25 placement of the dental prosthesis in the patient. In order 
more teeth and teeth preparation so that a replacement tooth to obtain the best color match of the dental prosthesis with 
or crown can be particularly designed to precisely match the the patient's teeth, the digital image representations include 
tooth that is to be replaced in certain chnical or cosmetic REAL IMAGE and REFERENCE IMAGES and the modi- 
procedures, fications include correlation of a color selection for the 

dental prosthesis to match the REAL IMAGE. Furthermore, 
BACKGROUND OF THE INVEN^HON jesig^ criteria can include tooth preparation and pro- 
Restorative dentistry is the art and science of replacing or P^^ed decay excavation, and the method further comprises 
restoring lost tooth structure. The amount of tooth structure ^ communication of a confirmation or modification, from the 
to be replaced determines what path the operator takes— 35 laboratory, of the acceptability of one or more of the 
whether the restoration will be a crown, bridge, inlay, onlay proposed design criteria. 

or direct restoration (i.e., a filling). The choice of that path The invention also relates to a computer-based dental 
in the past was more simple, due to the limited number of restoration system comprising a network server having a 
materials and techniques available. For example, U.S. Pat. database storing information about materials, procedures 
Nos. 5,766,006 and 5,961,324 describe methods and sys- and preparations concerning dental restoration prosthesis; a 
terns for determining tooth color information based upon communications network providing access to the network 
digital images provided by a camera and then matching the server; and one or more computers at a dental office access- 
color of the restoration article (i.e., dental prosthesis) with ing information stored at the database over the communi- 
the determined tooth color. In recent years, however, with cations network and displaying the information in a humanly 
the advent of new materials and concepts, treatment choices readable format. Preferably, the communications network is 
have expanded in a phenomenal way. Dentists are now the Internet, and the information stored in the database 
facing an overload of information in trying to decide which comprises preparation diagrams, reduction dimensions, mar- 
materials and procedures are the best suited for their par- gin design and burs for specific dental restoration prosthe- 
ticular cases. What the state-of-the-art practitioner needs is ses. 

a source to be able to go to, at a moment's notice, that will Advantageously, the database further stores information 

be able to aid him and his lab if necessary in treatment concerning one or more patients having dental restoration 

planning and delivering the best restorative dentistry needs. Also, the network server further comprises applica- 

possible, utilizing the most appropriate materials available tion programs for enabling users to query the database 

today. The present invention now satisfies this need. regarding specific materials or procedures concerning dental 

55 restoration prostheses for confirmation, verification, modi- 

SUMMARY OF THE INVEN I ION fication or evaluation of the same, with the one or more 

The invention relates to an interactive dental restoration computers at the dental office receiving answers from the 

method between a dentist and a dental restoration laboratory. database to such queries. If desired, a printer located at the 

The basic steps of this method include identifying a dental dental office can be used to print these answers for use by the 

restoration need in a patient; designing a preliminary treat- 60 dentist in carrying out the treatment plan, 

ment plan that includes design criteria for preparation of a The dental restoration laboratory also includes at least one 

dental prosthesis to be placed in the patient to satisfy the computer that has access to the network server and the 

dental restoration need; transmitting the preliminary treat- computer(s) at the dental office over the communications 

ment plan via a communications network to a dental resto- network. Preferably, the system includes a digital camera for 

ration laboratory; and communicating a final treatment plan, 65 taking digital images of the patient's teeth that are in need 

including modifications to the preliminary treatment plan of dental restoration and a communication fink for trans- 

where necessary, to the dentist. Typically, the final treatment mitting the digital images to the computer(s) at the dental 



3 0 SEP 2064 



us 6,786,726 B2 



103 



104 



IS 



What is claimed is: 

1. A method for restoration of a patient's tooth which 
comprises: 

generating an electronic image of a patient's tooth in a 
dentist's office, wherein the image includes color infor- 
mation representative of the patient's tooth shade; 

designing a preliminary treatment plan for addressing the 
dental needs of the patient; and 

forwarding the electronic image to a dental laboratory, 
wherein a technician evaluates the image and, if 
necessary, suggests restorative options to the dentist 
and the dentist and the dental restoration laboratory 
simultaneously have access to the electronic image. 

2. The method of claim 1, wherein the dentist forwards to 
the laboratory the preliminary treatment plan along with the 
electronic image, the laboratory technician provides feed- 
back on the treatment plan, and the dentist and the technician 
simultaneously have access to the preliminary treatment 
plan and the feedback. 

3. The method of claim 2, wherein the image includes 
information about the patients' tooth color, the preliminary 
treatment plan includes a determination of at least one 
matching shade of material to restore the tooth, and the 
technician either confirms the dentist's determination of 
restoration material shade or suggests an alternative shade. 

4. The method of claim 3, which further comprises 
electronically storing color information representative of a 
plurality of tooth shades on a computer at the dentist office; 
and comparing the color information of the image with the 
stored tooth shade color information to identify one or more 
tooth shades having a combined color that corresponds to 
the patient's tooth shade before sending the identified color 
(s) to the laboratory. 

5. ITie method of claim 4, wherein the image of the 
patient's tooth is automatically compared to the stored tooth 
shade color information electronically by the computer. 

6. The method of claim 4, wherein the image of the 
patient's tooth is electronically displayed with color pixels 
to assist in determining the color of the patient's tooth shade. 

7. ][;he method of claim 6, wherein the patient's tooth 
" shad€(asjaetermined by selecting one or more pixels of the 

image, which pixels correspond to differential spatial loca- 
tions of the patient's tooth, that provide similar color infor- 
mation and electronically comparing that color information 
with the stored tooth shade color information to determine 
the color of that portion of the patient's tooth. 

8. The method of claim 7, wherein selection of the pixel(s) 
is repeated until a tooth shade color is determined for all 
spatial locations of the image of the patient's tooth, with the 
patient's tooth shade being determined by averaging the 
color information at selected pixel locations of the image 
before electronically comparing the averaged color infor- 
mation with the stored tooth shade color information. 

9. The method of claim 4, which further comprises 
utilizing a digital camera to obtain the image of the patient's 
tooth and utilizing the same camera to obtain the color 
information of the tooth shades before electronically storing 
the color information. 

10. A method for restoration of a patient's tooth which 
comprises: 

generating an electronic image of a patient's tooth or 
tooth preparation in a dentist's office, wherein the 
image includes color information representative of the 
patient's tooth shade; 

designing a preliminary treatment plan for addressing the 
dental needs of the patient; and 
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forwarding the electronic image to a dental laboratory by 
direct computer link or e-mail, wherein a technician 
evaluates the image and suggests restorative options to 
the dentist and the dentist and the dental restoration 
laboratory simultaneously have access to the electronic 
image. 

11. A method for restoration of a patient's tooth which 
comprises: 

generating an electronic image of a patient's tooth prepa- 
ration in a dentist's office, wherein the image includes 
color information representative of the patient's tooth 
shade; 

designing a preliminary treatment plan for addressing the 
dental needs of the patient; and 

forwarding the electronic image and the preliminary treat- 
ment plan to a dental laboratory, wherein a technician 
evaluates the image and suggests restorative options to 
the dentist, including whether further preparation is 
required, and the dentist and the dental restoration 
laboratory simultaneously have access to the electronic 
image and the preliminary treatndent plan. 

12. The method of claim 11, wherein the dentist or 
technician accesses an interactive website to review step- 
by-step procedures to determine an appropriate restorative 
procedure and to obtain feedback for any specific dental 
needs for the patient's tooth. 

13. The method of claim 11, wherein the laboratory 
technician suggests restoration materials and treatment 
modalities for completing the restoration of the patient's 
tooth. 

14. ITie method of claim 13, wherein the dentist accesses 
an interactive website to obtain preparation info miatb EL 
identify tools to carry out the preparation, or to^^^y 
sources where tools or materials for use in the restoration 
may be obtained, 

15. The method of claim 11, wherein the laboratory 
technician prepares a dental prosthesis; takes an image of the 
prosthesis; and compare the prosthesis image to the image 
provided by the dentist before the prosthesis is permanently 
placed in the patient. 

16. ITie method of claim 15, wherein the 1^ 
manufactures the prosthesis utilizing a plurality oflfpore lainj 
coatings. 

17. The method of claim 15, wherein the image of the 
prosthesis provides color information that is compared to the 
image of the patient's tooth to confirm color matching. 

18. An interactive dental restoration method between a 
dentist and a dental restoration laboratory which comprises: 

identifying a dental restoration need in a patient; 
creating a digitized image in computer readable format of 

at least a portion of a tooth of the patient; 
transferring the digitized image to a software program on 

a computer; 

creating a patient file on the computer containing the 

digitized image; 
designing a preliminary treatment plan for addressing the 

dental needs of the patient; 
enhancing the digitized image using the software program 

to create an enhanced image, and 
adding text information to the image; 
transmitting the preliminary treatment plan via e-mail 

using the software program over a communications 

network to a dental restoration laboratory; and 
directly communicating between the dentist and dental 

restoration laboratory over the communications 
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network, wherein the dentist and dental restoration 
laboratory simultaneously have access to the enhanced 
digital image, 

19, The method of claim 18, wherein the enhancing step 
includes adjusting predetermined or user defined areas of the 5 
tooth image. 

20. The method of claim 18, wherein the enhancing step 
includes performing at least one filtering operation on the 
image. 

. 21. The method^ofclaimjj. wherein the communications lO 
network includes th^Jnteract^ 

22. The method of claimlS, wherein the communications 
network includes a direct connection between the dentist and 
dental restoration laboratory. 

23. The method of claim 18, wherein the computer is a 15 
database including stored patient information for a plurality 

of patients. 

24. The method of claim 23, wherein the computer is 
located in the dentist's office. 

25. The method of claim 18, wherein the text information 20 
includes a label. 

26. The method of claim 18, wherein the text information 
includes prosthesis materials. 

27. The method of claim 18, wherein the design criteria 
includes digital image representations of dental restoration 25 
need. 

28. The method of claim 18, wherein the design criteria 
includes proposed decay excavation. 

29. The method of claim 18, wherein the design criteria 
includes tooth preparation information. 30 

30. The method of claim 18, wherein the design criteria 
includes prosthesis color information. 

31. The method of claim 18, further comprising the step 
of communicating a final treatment plan, including modifi- 
cations to the preHminary treatment plan, if necessary, to the 35 
dentist. 



32. An interactive dental restoration method between a 
dentist and a dental restoration laboratory which comprises: 

identifying a dental restoration need in a patient, 

designing a preliminary treatment plan for addressing the 
dental needs of the patient; 

transmitting the preliminary treatment plan via a commu- 
nications network to a dental restoration laboratory for 
evaluation by a technician, wherein the dentist and the 
dental restoration laboratory simultaneously have 
access to the preliminary treatment plan; and 

communicating a final treatment plan, including the tech- 
nician's modifications to the preliminary treatment 
plan, if necessary, to the dentist. 

33. The method of claim 32, wherein the dentist prepares 
the preliminary treatment plan and the design criteria 
include digital image representations of the dental restora- 
tion need. 

34. The method of claim 33, further comprising the step 
of evaluating the preliminary treatment plan at the labora- 
tory by the technician and making changes before commu- 
nicating the final treatment plan to the dentist. 

35. The method of claim 34, further comprising the steps 
of implementing the final treatment plan in the patient and 
transmitting interim preparation information to the labora- 
tory for survey with confirmation prior to completing the 
final treatment plan. 

36. The method of claim 35, wherein the design criteria 
include tooth preparation and proposed decay excavation. 

37. The method of claim 36, further comprising the step 
of communicating a confirmation or modification of the 
acceptability of one or more of the proposed design criteria 
from the laboratory to the dentist. 



3 0 SEP 



